isolates associated with the severe spectrum of paediatric enteric fever presenting to 1 5 3 the hospital. Isolates collected from outpatients 1 5 6
Children with milder clinical presentations who are usually treated with oral 1 5 7 antibiotics as outpatients were not included in the invasive bacterial disease database; Antimicrobial susceptibility profiles were gauged by Kirby-Bauer disk diffusion tests. The CLSI (Clinical and Laboratory Standards Institute) guidelines were used to 1 7 6 evaluate zones of inhibition for chloramphenicol, co-amoxiclav, co-trimoxazole, guidelines were designated as susceptible and those that were intermediate (I) or 1 8 0 resistant (R) to the tested antimicrobials were designated as insusceptible. For analysis of SNPs in S. Typhi, Illumina reads were mapped to the reference 1 9 0 genome sequence of strain CT18 22 (accession AL515582) using the RedDog 1 9 1 (V1beta.10.3) mapping pipeline, available at https://github.com/katholt/RedDog. that passed these criteria in any one isolate, consensus base calls for the SNP locus were extracted from all genomes (ambiguous base calls and those with phred quality 1 9 8 scores less than 20 were treated as unknowns and represented with a gap character). These SNPs were used to assign isolates to previously defined lineages according to (defined as members of the same monophyletic clade, isolated from the same study 2 3 4 location in the same year) were manually thinned to a single representative. To investigate the temporal signal and emergence dates of antimicrobial resistance branches of the tree together with the skyline demographic model, proved to be the best fit for the data. To assess the signal of these Bayesian estimates we conducted a date-randomization test whereby sampling times were assigned randomly to the 2 5 5 sequences, and the analysis re-run 20 times 37,38 . These randomization tests were 2 5 6 conducted with the same 'best fit' models (uncorrelated lognormal clock and skyline 2 5 7 demographic). This test suggested that the data display 'strong' temporal structure 37 . For the final analysis reported here, 5 independent runs conducted with a chain length 2 6 0 of 600,000,000 states, sampling every 300,000 iterations, were combined using In silico resistance plasmid and AMR gene analysis
The mapping based allele typer SRST2 40 was used to detect plasmid replicons and 2 6 9 acquired AMR genes and determine their precise alleles, by comparison to the ARG-2 7 0
Annot 41 and ResFinder 42 databases (for AMR genes) and PlasmidFinder 41 (for 2 7 1 plasmid replicons). Where AMR genes were observed without evidence of a known 2 7 2 resistance plasmid, raw read data was assembled de novo with SPAdes (v3.7.1) 43 and Prokka (v1.11) 45 followed by manual curation, and visualized using the R package and other species 7 , were extracted from the whole genome SNP alignments. the hot and rainy months of May and October. However, a substantial proportion 2 9 5 (36%) of cases also occurred in colder months, indicating perennial transmission.
9 6
Children under 5 years of age accounted for 45% of the disease burden among 2 9 7 inpatients, with children under 2 years of age accounting for 18% (Table 1) . Clinical 2 9 8 suspicion of enteric fever at presentation was significantly lower amongst children under 2 years with culture-confirmed infection (13% vs. 52%, p=0.0005 using
Fisher's exact test; Table 1 ), highlighting the undifferentiated febrile nature of the 3 0 1 disease even in an endemic setting such as Nepal. The genomes of S. Typhi isolated from inpatient surveillance (n=67) and a random 3 1 6 selection of isolates from outpatients (n=131) were sequenced and subjected to SNP 3 1 7
genotyping and phylogenomic analysis as described in Methods. The resulting corresponding to a different subclade including 2.0.0 (N=1, 0.5%) 2.2.0 (N=10, 5%), between genotype and treatment status (outpatient vs. inpatient), period of isolation coloured as described in the inset legend. To place the novel paediatric isolates in context, we constructed a whole genome circulating in children more so than adults. In comparison to global isolates, Nepali 3 3 5
isolates clustered with those from other regions in the Indian subcontinent, suggesting 3 3 6
ongoing transmission within the region (Figure 2) ; indeed 14% of the novel Nepali Pakistan), indicating frequent pathogen transfer within the region. We used the same approach to investigate genome variation amongst 66 S. Paratyphi was far less diverse than that of S. Typhi; most belonged to lineage A and clustered 3 4 6
into two distinct subgroups, which we designated sublineages A1 and A2 (see which where S. Paratyphi A infections occur at high prevalence. Amongst the paediatric isolates analysed in this study, most S. Typhi isolates (96%) Typhi (3%) and no S. Paratyphi A. There were no differences in the frequency of (gyrA SNPs), 3.3.0 (parE SNPs), and 3.3.1 (gyrA and parE SNPs, see Figure S1 ). bla TEM-1 ) and displayed resistance to ampicillin but was sensitive to co-trimoxazole 3 7 5
and chloramphenicol (consistent with the lack of dfr and cat genes). Acquired AMR 3 7 6
genes were not detected amongst the S. Paratyphi A. in the chromosome between genes STY3618 and STY3619 and associated with an 8 bp target We constructed a dated phylogeny of all available S. Typhi 4.3.1 from Nepal, using BEAST2 (95% HPD, 1.1x10 -7 -2.4x10 -7 ). The data showed strong temporal structure to support these amongst the Nepali isolates, however (i) lineage II was far more common (67% vs. 10% of 4 0 6 paediatric isolates from this study; 68% vs 10% of isolates from other studies); and (ii) the 4 0 7 lineages were associated with different AMR patterns (Figure 6) previously reported as associated with gatifloxacin failure during the treatment trial in 2013-4 1 9 2014 7 . We dated the mrca of this subclade to 2008 (95% HPD, 1998-2011; see Figure 6 ), 4 2 0 and comparison to the global tree confirmed it most likely originated in India 7 and was 4 2 1
introduced to Nepal at least twice (see Figure 2B) . We also identified a distinct ciprofloxacin particularly close relatives in the Nepali or global collections (Figure 2B, Figure 6) . These data show that there is a substantial burden of enteric fever amongst children in Nepal 4 3 6 (Table 1) , the majority of which (86%) is insusceptible to fluoroquinolones ( Table 2) . neighbouring countries in South Asia (Figures 2 and 3) , and intermingling of isolates from 4 4 0 adults and children consistent with transmission across age groups (Figure 2) . Data from The high frequency of fluoroquinolone insusceptibility is attributable to indiscriminate and 4 5 1 uncontrolled use of antimicrobials, which since the turn of the century have been used to treat 4 5 2 a range of infections common in the tropics in addition to enteric fever. Fluoroquionolone 4 5 3 insusceptibility has been observed locally 7 , associated with mutations in gyrA and parC. Our Lineage II harbouring the gyrA-S83F mutation (accounting for 50% of all enteric fever, 57% The universal fluroquinolone resistance demonstrated by the S. Paratyphi A population is of 4 6 2 great concern particularly since a vaccine against paratyphoid fever is still in development. Notably, the fully fluoroquinolone resistant triple mutant S. Typhi strain that was first Acquired resistance to other antimicrobials was rare, and in the paediatric population was absence of resistance to chloramphenicol or co-trimoxazole. The findings of this study supplement our understanding of enteric fever in an endemic suspicion of enteric fever in this age group is generally low as evidenced in these data and 4 9 7 this trend has also been reported in other endemic regions 48 . The lack of clinical suspicion 4 9 8
leads to a lack of diagnostic testing, which is in itself, fraught with impediments to reliable 4 9 9
results. Blood culture, which is the feasible gold standard diagnostic performs poorly in this Bars are coloured as described in the inset legend. Susceptibility to Ampicillin, Chloramphenicol, Ciprofloxacin, Cotrimoxazole, Nalidixic acid, Cephalosporin, Ceftriaxone, Cefixime, and Azithromycin were tested. No resistance to Azithromycin, Ceftriaxone, and Cefixime was observed. The adjacent heatmap shows the presence of AMR genes (yellow) and QRDR mutations (green) present in each isolate as described in the inset legend. H58 (4.3.1) . (A) Tempest regression of rootto-tip distance as (in the SNP alignment) a function of sampling time, with the root of the tree selected using heuristic residual mean squared (each point represents a tip of the maximum likelihood tree). The slope is a crude estimate of the substitution rate for the SNP alignment, the x-intercept corresponds to the age of the root node, and the R 2 is a measure of clocklike behaviour (B) Date randomisation test with the left most box plot showing the posterior substitution rate estimate from the SNP alignment of the data with the correct sampling times, and the remaining 20 boxplots showing the posterior distributions of the rate from replicate runs using randomised dates. The data are considered to have strong temporal structure if the estimate with the correct sampling times does not overlap with those from the randomisations. 
Supplementary Figure 2. Temporal analysis of Nepalese
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